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ABSTRACT

Two model atmospheres are presented: 30
density envelopes for 30° N latitude for January and
July for use in entry studies of the Skylab command
module entry. The two model atmosphere studies
are to be used in calculation of entry corridor lines,
calculation of entry monitoring system tolerances,
and calculation of guidance and navigation system
dispersion angles.
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EXTREME-DENSITY PROFILES FOR SKYLAB COMMAND
MODULE ENTRY CONSIDERATIONS

By David E. Pitts
Manned Spacecraft Center

SUMMARY

Extreme-density dispersions (30) and extreme-density scale heights at an alti-
tude of 90 kilometers, at 30° N latitude for January and July are used to construct
model atmospheres (including pressure, temperature, density, speed of sound, vis-
cosity, and eight other variables for altitudes extending from 0 to 120 kilometers).
These extreme models, while at 30° N latitude, are inclusive of the 60° N latitude
models and, therefore, are recommended for Skylab command module entry studies.

INTRODUCTION

Since both drag and heating rates of the entering Skylab command module are de-
pendent upon atmospheric density, the success of the entry phase of a mission depends
to a great extent on the density predicted at entry altitudes. Density is usually pre-
dicted by means of a model atmosphere in which the density-altitude schedule is speci-
fied in tabular form. Such a model atmosphere represents mean conditions. For
example, the '"U.S. Standard Atmosphere, 1962'" (ref. 1) describes annual conditions
at 45° N latitude. The structure of the lowest 120 kilometers of the earth atmosphere
varies primarily as a function of altitude, season, latitude, and time of day, with the
size of the variation being from largest to smallest, respectively. Thus, many im-
portant variations are ignored when the mean model atmosphere is used.

The ''U, 8. Standard Atmosphere Supplements, 1966'' (ref. 2) provides the most
realistic and up-to-date picture of density deviations from the ''U. S. Standard Atmos-
phere, 1962"" (ref. 1). These data include the mean and 95th percentile envelopes of
density for annual conditions at 15° N latitude and for January and July at 30° N, 45° N,
60° N, and 75° N latitude. Nominal Skylab command module entry occurs at latitudes
less than or equal to 50° N latitude. Unfortunately, the model atmospheres for 60° N
latitude and 70° N latitude, which would suffice for the purpose of calculating entry
corridor lines, monitoring system tolerances, and calculating guidance and navigation
system dispersion angles, do not extend high enough in altitude. Since the majority of
the entry corridor will occur in the +30° range, the 30 density envelopes have been
used to develop 30° N latitude January and July model atmospheres (tables I and II).
These models also have greater density variability at 80 to 120 kilometers than the



60° N latitude January and July models which are given in reference 2. It is recom-
mended that these two extreme-density models be used for calculation of extreme en-
try conditions for the Skylab command module.

CRITICAL DENSITY GRADIENTS

The Apollo command module starts sensing the atmosphere at a 0. 05g accelera-
tion (near 90 kilometers). The density at this altitude tends to remain constant (near-
isopycnic level); however, the vertical density gradients in this region change greatly
due tc seasonal and day-to-day changes. The density gradient at 90 kilometers is im-
portant because the entry monitoring system determines the entry angle of the space-
craft from the deceleration rate after 0. 05g. The magnitude of this vertical density
gradient is expressed by the density scale height
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where p is density and z is geometric altitude. The quantity Hp (given in units of

distance) indicates the vertical distance over which density decreases by a factor of
e. Thus, a large scale height indicates an atmosphere decaying very slowly, and a
small scale height indicates an atmosphere decaying very rapidly with height.

Day-to-day changes in the thermal structure of the atmosphere can result in
larger vertical density gradients than those found in the mean monthly atmospheres as
described in reference 2. Available density observations are not sufficiently numerous
or accurate for estimating frequency distributions of vertical density gradients at vari-
ous levels., However, rough estimates for the maximum and minimum vertical density
gradients that are likely to occur at 90 kilometers can be made in a hydrostatically
consistent atmosphere, provided limits are placed on the temperature and the vertical
temperature gradient 9T/dz. The relationship between these quantities is that of a
nomogram from reference 3. A realistic maximum density gradient (minimum density
scale height) based on a temperature of 160° Kand 9T/dz = +10° K/km was calculated
to be 3. 699 kilometers, while 4,56 kilometers will occur more often (9T/9z = 0). Thus
the 30 summer model (table I) has a density scale height of 3. 62 kilometers. The
smallest density gradient (maximum density scale height) that can occur is 8. 632 kilo-
meters based on a temperature of 230° K and a superadiabatic temperature gradient,
although 6. 659 kilometers will occur at times (0T/0z = 0). Therefore 8. 17 kilometers
was chosen for the 30 winter model (table II).



CALCULATION OF THE EXTREME MODELS

The two model atmospheres in tables I and II were calculated from density versus
altitude information supplied in reference 2. These data consist of the 95-percent en-
velopes for each month, January and July, which were used as the basis for the 3¢
models by adding one additional standard deviation. Next, the density data were inte-
grated downward from 120 kilometers by using the hydrostatic equation as applied to
falling sphere density data as described in reference 4. This procedure gives the nec-
essary and sufficient temperature profiles for the models. Finally, the computer pro-
gram described in reference 5 was used to calculate the two extreme model atmospheres
with 13 variables as a function of altitude. Tables I and II each contain separate but
equivalent models in separate scientific and engineering units. '

CONCLUDING REMARKS

The two model atmospheres present 30 density envelopes for 30° N latitude for
January and 30° N latitude for July. The models are recommended for use in atmos-
pheric entry studies for the Skylab command module, because these models are inclu-
sive of the 60° N latitude for January and July model atmospheres as presented in the
'"U.S. Standard Atmosphere Supplements, 1966.'"

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, May 6, 1971
160-75-03-00-72
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